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The acetate of this alcohol (2.55 g.) was obtained by re-
fluxing with acetyl chloride (15 ml.) for 1.5 hours and allow­
ing the mixture to stand overnight. The reaction mixture was 
poured onto ice with stirring. The solid ester was filtered 
with suction and crystallized from petroleum ether (b.p. 
30-60°), m.p. 108-110°, yield 2.1 g. (73%). 

Anal. Calcd. for Ci4Hi4Cl4O2: C, 50.53; H, 3.69. 
Found: C, 50.53; H, 3.93. 

The acetate was saponified by refluxing with excess 20% 
ethanolic potassium hydroxide for 1.5 hours. The mixture 
was poured into excess water and filtered with suction. 
The crude solid carbinol on crystallization from petroleum 
ether (b.p. 60-70°) gave pure 7-methyl-5-phenyl-l,2,3,4-
tetrachlorobicyclol2.2.1]2-heptene-7-ol which did not de­
press the melting point of an authentic sample. 

5-Bromomethyl-l ,2,3,4-tetrachlorobicyclo [2.2.1] 2-hep-
tene-7-one.—The cleavage of 5-bromomethyl-7,7-dimeth-
oxy-l,2,3,4-tetrachlorobicyclo[2.2.1]2-heptene by means of 
sulfuric acid gave 68% of cyclic ketone, m.p. 108-109° (from 
petroleum ether, b.p. 90-100°). 

Discussion 
Numerous a t tempts have been made to prepare 

a fluorine-containing cyclopentadiene by the re­
placement of the doubly allylic chlorine atoms of 
hexachlorocyclopentadiene.2 - 4 All the results in­
dicate tha t fluorine adds to one of the double 
bonds as readily as it exchanges with chlorine, 
since only polyfluoropolychlorocyclopentenes are 
isolated. The problem now has been approached 
by fluorinating octachlorocyclopentene and gen­
erating the diene system by dehalogenation. 

The fluorination of octachlorocyclopentene with 
antimony trifluoride in the presence of ant imony 
pentachloride proceeds in a stepwise fashion to give 
polychlorocyclopentenes containing from one to 
six fluorine atoms. Henne and Zimmerschied5 

have established the structure of 1,2-dichlorohexa-
fluorocyclopentene by oxidation to hexafluoro-
glutaric acid. They have proposed structural 
formulas for the other fluorination products based 
solely on the mode of action of the fluorinating 
agent employed. More recently Latif6 has offered 
alternative structures for the partially fluorinated 
polychlorocyclopentenes. However, his proposals 
are based apparently on the premise tha t zinc 

(1) This paper is based on a portion of the thesis submitted by DeI-
mont K. Smith to the Graduate School of Purdue University in partial 
fulfillment of the requirements for the Ph.D. degree. 

(2) E. T. McBee, P. A. Wiseman and G. B. Bachman, Ind. Eng. 
Chem., 39, 415 (1947). 
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Patent 2,449,233 (1948). 

(4) H. Rakoff, Ph.D. Thesis, Purdue University, 19,50; D. M, 
Sheets, M.S. Thesis, Purdue University, 1949. 

(5) A. L. Henne and W. J. Zimmerschied, THIS JOURNAL, 67, 1235 
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(6) K. A. Latif, J. Indian Chem. Soc, SO, 525 (1953). 

Anal. Calcd. for C8H6BrCl4O: C, 28.32; H, 1.49. 
Found: C, 28.32; H, 1.48. 

7,7-Dimethoxy-l ,4,5,6-Tetrachlorobicyclo [2.2.1] 5-hep-
tene-2-carboxylic Acid.—A saturated solution of potassium 
permanganate in acetone was added dropwise with stirring 
at room temperature to a solution of 3 g. of 7,7-dimethoxy-
2 - f ormyl -1,4,5,6- tetrachlorobicyclo [ 2.2.1 ] 5-heptene, pre­
pared from dimethoxytetrachlorocyclopentadiene and acro­
lein, in 50 ml. of acetone until a purple color persisted. The 
manganese dioxide was removed by filtration and the fil­
trate was evaporated. The colorless residue was crystal­
lized from aqueous ethanol and melted at 162-163°. It did 
not depress the melting point of the acrylic acid adduct. 
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and ethanol remove only vicinal chlorine atoms, a 
view which is not valid for cyclic7 or acyclic com­
pounds.8 '9 

The dechlorination of difluorohexachlorocyclo-
pentene (I) with zinc dust and hydrochloric acid 
gives difluorotetrachlorocyclopentadiene ( I I ) . De­
chlorination also can be effected by pyrolysis at 
temperatures above 480°, analogous to octachloro­
cyclopentene,10 or by the platinum-catalyzed hy-
drogenation of I, but the yields in these reactions 
are lower. 

The difluorotetrachlorocyclopentadiene I I is a 
colorless liquid, b.p. 45° (4 mm.) . I t dimerizes on 
standing a t room temperature to a colorless, crystal­
line solid I I I , m.p. 280-281°, from which it can be 
regenerated by pyrolysis a t 480°. This consti­
tutes an excellent method for preparing the pure 
diene I I , since the dimer is purified easily by re-
crystallization. I I fails to give a test with alco­
holic silver nitrate solution, being unlike hexachloro­
cyclopentadiene and 1,2,3,4,5-pentachlorocyclo-
pentadiene in this respect.11 

Difluorotetrachlorocyclopentadiene (II) readily 
gives the Diels-Alder reaction with various olefinic 
and acetylenic dienophiles either with or without 
solvent. The physical properties and analyses of 
the adducts are listed in Table I. The adduct IV 
with dimethyl acetylenedicarboxylate is formed 
exothermically when the components are heated to 

(7) J. Thiele, Ann., 314, 302 (1900). 
(8) I. E. Muskat and H. E. Northrup, THIS JOURNAL, 52, 4043 

(1930). 
(9) W. M. Schubert, T. H. Liddieoet and W. A. Lanka, ibid., 76, 

1929 (1954). 
(10) J. A. Krynitsky and R. W. Bost, ibid., 69, 1918 (1947). 
(11) E. T. McBee and D. K. Smith, ibid., 77, 389 (1955). 
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The dechlorination of difluorohexachlorocyclopentene (I) with zinc and hydrochloric acid gives 5,5-difluorotetrachloro-
cyclopentadiene (II) which undergoes the Diels-Alder reaction with suitable dienophiles. The structure of II has been estab­
lished by elimination of the CFa bridge in its Diels-Alder adduct with dimethyl acetylenedicarboxylate. The reactions of II 
compared with hexachlorocyclopentadiene are correlated with the stability of the carbon-fluorine bonds and the pronounced 
electronegativity of the CF2 group. 
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120°. On heating to 480° this compound IV gives 
an 83% yield of dimethyl tetrachlorophthalate. 
The loss of CF2 by pyrolysis is regarded as evidence 
that the CF2 group occurs in the adduct as a bridge 
and hence that the compounds have the structures 
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Diels-Alder adducts of cyclopentadienes normally 
dissociate to diene and dienophile at elevated tem­
peratures.12 The failure of the adduct IV to dis­
sociate in this fashion is possibly due to its high 
heat of formation. 

TABLE I 

D I E L S - A L D B R ADDUCTS OP 5,5-DIFLUOROTETRACHLOROCY-

CLOPENT ADIENE 

M.p., 
Dienophile 0C. 

Maleic acid 179-180 
Acrylic acid 116-116.S 
Styrene 45-46 
f-Chlorostyrene 90-91 
^-Benzoquinone 125-126 
Cyclopentadiene 39-40 

Yield, 
% 
88 
72 
95 
73 
56 
74 

Carh 
? 

Calcd. 

30.36" 
30.806 

45.42 
41 .24 
37.97 
39.25 

on, 

Found 

30.46 
31.08 
4.5.39 
41.29 
37.86 
39.20 

Hydrogen, 
% 

Calcd. Found 
1.13 
1.29 
2.34 
1.87 
1.16 
1.98 

- Calcd. for C9H4Cl4F2O4: neut. equiv., 178.0. 
neut. equiv., 179.4. » Calcd. for C8H9Cl4F2O2: neut. 
311.9. Found: neut. equiv., 314.7. 

1.35 
2.S0 
2.30 
2.01 
1.34 
2.29 

Found: 
equiv., 

Since the diene II contains a CF2 group, the 
difluorohexachlorocyclopentene (I) also contains 
such a group and has therefore structure Ia or Ib. 

F2 

Cl/^jiCl 

Cl2—"ci 
Ia 

Cl, 
F/VI 

Cl2 Uci 
Ib 

The adduct of II with cyclopentadiene adds one 
mole of chlorine in the presence of anhydrous 
aluminum chloride in carbon tetrachloride. The 
dimerization of the 5,5-difluorotetrachlorocyclo-
pentadiene is regarded as a Diels-Alder reaction 
in view of the ease with which it occurs. The 
reversibility of this dimerization is comparable to 
the cyclopentadiene-dicyclopentadiene conver­
sion.13 

While the catalytic hydrogenation of hexachloro-
cyclopentadiene occurs rapidly and results in the 
stepwise replacement of the allylic chlorine atoms 
by hydrogen, giving successively 1,2,3,4,5-penta-
chlorocyclopentadiene and 1,2,3,4-tetrachloro-
cyclopentadiene,10 the corresponding hydrogena­
tion of 5,5-difluorotetrachlorocyclopentadiene (II) 
takes place only slowly. It stops after absorption 
of approximately 0.4 molar equivalent of hydrogen 
and the reaction mixture contains both hydrogen 
chloride and hydrogen fluoride. The difference in 
behavior of II and hexachlorocyclopentadiene is 

(12) H. L. Holmes in R. Adams, "Organic Reactions," Vol. IV, John 
Wiley and Sons. Inc., New York, N\ Y., 1948, p. 81. 

(13) P. J. Wilson, Jr. . and J. H Wells, Chem. Revs., 34, 1 (1944). 

ascribed to the greater stability of the C-F linkage 
in II.24a'15 

A similar difference is found in the reactivity of 
the dienes toward methanolic potassium hydroxide. 
The allylic chlorine atoms of hexachlorocyclopenta­
diene are displaced to give 5,5-dimethoxytetra-
chlorocyclopentadiene,16 whereas II is converted to 
5,5 - difluoro - 2 - methoxy -1,3,4- trichlorocyclopenta-
diene (V). The presence of a conjugated system in 
V is established by formation of a maleic anhydride 
adduct. Hydrolysis of V with sulfuric acid gives a 
conjugated cyclopentenone as evidenced by the 
ultraviolet absorption spectrum. The infrared ab­
sorption spectrum (C=O frequency) is compatible 
only with structure VI. The methoxy group in V is 
therefore in the 2-position. The same ketone VI 

VI 

is formed from the reaction of the diene II with 
fiuorosulfonic acid at 115°. I t cannot be dehydro-
halogenated by refluxing with sodium acetate in 
acetic acid and is decomposed by methanolic potas­
sium hydroxide. 

The formation of the methoxydiene V is 
analogous to the preparation of 2-chlorohexafluoro-
1-methoxycyclopentene from 1,2-dichlorohexa-
fluorocyclopentene.14b The attack of the reagent 
in this case and in the reaction with fiuorosulfonic 
acid on the carbon beta to the CF2 group is the re­
sult of the polarization of the double bond by the 
electronegative CFs group, as is the case with 1,1,1-
trifluoropropene.l4a 

Experimental17 

Difluorohexachlorocyclopentene (I).—A mixture of octa-
chlorocyclopentene (344 g., 1.0 mole), antimony trifluoride 
(119 g., 0.667 mole) and antimony pentachloride (15 g., 0.05 
mole) was heated for two hours at 160-170° and the result­
ing mixture was extracted with hydrochloric acid and water 
and then dried over anhydrous calcium chloride. Rectifica­
tion gave 173.0 g. (58%) of difluorohexachlorocyclopentene, 
b .p . 93° (10 mm.) , JZ20D 1.5161. 

Five other polychlorocyclopentenes containing one, three, 
four, five and six fluorine atoms also were obtained from this 
reaction. 

Anal. Calcd. for C6Cl6F2: C, 19.32; H , 0.0. Found: 
C, 19.55; H, 0.13. 

5,5-Difluorotetrachlorocyclopentadiene (II).—Difluoro­
hexachlorocyclopentene (93.2 g., 0.3 mole) and 30 ml. of di­
lute (1:1) hydrochloric acid were added simultaneously to a 
slurry of 39.2 g. (0.6 g. atom) of zinc dust, 0.5 g. of copper 
sulfate and 15 ml. of water at such a rate that a reaction 
temperature of about 80° was maintained. The reaction 
mixture was filtered and the organic phase separated, washed 
with water and dried. Distillation gave 45 g. (63%) of 5,5-
difluorotetrachlorocyclopentadiene, b .p . 45° (4 mm.) , nKD 
1.5008. 

Anal. Calcd. for C5Cl4F2: C, 25.05. Found: C, 25.20. 

(14) (a) A. L. Henne and S. Kaye, T H I S JOURNAL, 72, 3369 (1950); 
(b) A. L. Henne and K. A. Latif, / . Indian Chem. Soc, SO, 809 (1953). 

(15) K. N. Campbell, J. J. Merchak, Jr., and B. K, Campbell, Ab­
stracts of the Division of Organic Chemistry, Kansas City Meeting of 
the American Chemical Society, March, 1954, p. 3N. 

(16) J. Newcomer and E. T. McBee, T H I S JOURNAL, 71, 946 (1949). 
(17) The melting points are uncorrected. The analyses were deter­

mined by Galbraith Microanalytical Laboratories, 1-Cnoxville, Tenn., 
and Mrs. P. T. Yeh, Purdue University. 
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A total of 10 g. (14%) of l,l,8,8-tetrafluoro6ctachloro-
3a,4,7,7a-tetrahydro-4,7-methanoindene ( I I I ) was recovered 
from the pot residue by crystallizing from acetone and melted 
at 280-281°. 

Anal. Calcd. for C i0ClsF4: C, M.05; H , 0.0; mol. wt. , 
480. Found: C, 24.98; H, 0.08; mol. wt. (vapor pressure 
lowering in tetrahydrofuran) 488, 493. 

Diels-Alder Adducts of 5,5-Difluorotetrachlorocyclopenta-
diene (II).—The adducts of I I with styrene and ^-chlorosty-
rene were prepared by mixing equivalent amounts of thediene 
and dienophile. An exothermic reaction occurred within two 
minutes. The ^-chlorostyrene adduct was crystallized 
from petroleum ether (b .p . 30-60°). The styrene adduct 
was distilled, b .p . 149° (15 mm.) and the distillate crystal­
lized after standing for two days. Colorless prisms were 
obtained from petroleum ether (b .p . 60-70°). The acrylic 
acid adduct of I I was prepared by heating equivalent 
amounts of the diene and dienophile for 90 minutes. The 
product was crystallized from hot water. The maleic an­
hydride adduct of II was prepared by slowly adding II to 
slightly more than one equivalent of maleic anhydride heated 
to 90°. The product crystallized as needles from hot water. 
The adducts of II with j>-benzoquinone and cyclopentadiene 
were prepared by refluxing equivalent amounts of diene and 
dienophile in petroleum ether. The ^-benzoquinone adduct 
was crystallized from methanol. The cyclopentadiene 
adduct was distilled, b .p . 110-115° (4 mm.) , and the prod­
uct solidified on cooling. 

Dimethyl 7,7-Difluoro-l ,4,S,6-tetrachlorobicyclo[2.2.1]-
2,5-heptadiene-2,3-dicarboxylate (IV).—Dimethyl acetyl-
enedicarboxylate18 (10.6 g., (0.075 mole) and 5,5-difluoro-
tetrachlorocyclopentadiene (II) (18.0 g., 0.075 mole) were 
heated together to 120° when a vigorous reaction occurred 
and the temperature of the mixture rose rapidly to 175°. 
The mixture was cooled and crystallized from petroleum 
ether (b.p. 30-60°) to give 13.0 g. (46%) of colorless 
needles, m.p. 71-72°. 

Anal. Calcd. for CnH6Cl4F8O4: C, 34.59; H , 1.58. 
Found: C, 34.55; H, 1.49. 

Some of the dimer I I I of 5,5-difluorotetrachloroeyclopen-
tadiene (5 g.) was recovered from the mother liquor. 

Pyrolysis of Dimethyl 7,7-Difluoro-l,4,5,6-tetrachlorobi­
cyclo [2.2 . 1 ] -2,5-heptadiene-2,3-dicarboxylate (IV) .—The 
finely powdered adduct from dimethyl acetylenedicarboxyl-
ate (IV) (7.08 g.) was pyrolyzed in an atmosphere of puri­
fied nitrogen in small portions in a 1 X 12-inch Pyrex tube 
heated at 480°. The product, 5.4 g. (83%) of gray solid, 

(18) E. H. Huntress, T. E. Lesslie and J. Bornstein, Org. Syn­
theses, 32, 55 (1952). 

Introduction 
It has been shown previously that hexachloro­

cyclopentadiene (I) can be reduced to 1,2,3,4-tetra-
chlorocyclopentadiene (III) with zinc and hydro­
chloric acid.2 The diene III has been studied' 

(1) Abstracted from a portion of a thesis submitted by Oelmont K. 
Smith to the Graduate School of Purdue University in partial fulfill­
ment of the requirements for the Ph.D. degree. 

(2) E. T. McBee, R. K. Meyers and C. F . Baranauckas, T H I S JOUR­
NAL, 77, 86 (1955). 

(3) R. K. Meyers, Ph.D. Thesis, Purdue University, 1950. 

was collected in a Dry Ice t rap . Several crystallizations 
from petroleum ether (b .p . 30-60°) and methanol gave 
colorless needles, m.p. and mixed m.p . with authentic di­
methyl tetrachlorophthalate," 92.0-92.6°. 

Anal. Calcd. for Ci0H6Cl4O4: C, 36.18; H, 1.82. 
Found: C, 35.94; H , 2.08. 

5 ,S-Difluoro-2-methoxy-l ,3,4-trichlorocyclopentadiene 
(V).—A solution of I I (18.0 g., 0.075 mole) in 200 ml. of 
methanol was slowly treated with a solution of potassium 
hydroxide (8.41 g., 0.150 mole) in 250 ml. of methanol at 
room temperature. Filtration gave 4.95 g. (92%) of potas­
sium chloride, which was free from fluoride. The filtrate 
was added to 500 ml. of water and extracted with petroleum 
ether (b .p . 30-60°). The solvent was removed from the 
dried extract under reduced pressure and the residue was 
distilled to give 13.7 g. (77%) of liquid, b .p . 59-62° (1.5 
mm.) , M80D 1.4755, Xmax. 268 m/t, log e 3.36. To a solution 
of 2.35 g. (0.01 mole) of this product in 50 ml. of petroleum 
ether (b .p . 90-100°) was added 1.00 g. (0.01 mole) of maleic 
anhydride and the mixture was refluxed for 18 hours. On 
cooling, 2.7 g. (81%) of crystalline solid separated. _ Re-
crystallization from the same solvent gave colorless prisms, 
m.p. 133-134.5°. 

Anal. Calcd. for C10H6Cl8F2O4: C, 36.01; H, 1.51; 
neut. equiv., 166.8. Found: C, 36.10; H , 1.52; neut . 
equiv., 165.7. 

4,4-Difluoro-2,3,5-trichloro-2-cyclopentenone (VT).—5,5-
Difluorotetrachlorocyclopentadiene (24.0 g., 0.10 mole) was 
added slowly with stirring to 148.4 g. (1.48 moles) of fluoro-
sulfonic acid at 115-120°. The product was poured onto 
500 g. of crushed ice and extracted with petroleum ether 
(b.p. 30-60°). The extract was washed with water, dried 
and distilled. A total of 9.8 g. (45%) of colorless liquid 
was collected, b .p . 64-66° (4 mm.) , Xm*r. 241 mjiOog e 4.13); 
Xma*. 324 inji (log e 1.42); Xmax. 5.80 M ( C = O ) and Xm111. 6.40 
/* (C=C) . 

Anal. Calcd. for C6HCl3F2O: C, 27.13; H , 0.46. 
Found: C, 26.97; H, 0.32. 

This ketone also was obtained by treating 14.7 g. of 5,5-
difiuoro-2-methoxy-l,3,4-trichlorocyclopentadiene with 40 
g. of 75% sulfuric acid at 0° . The organic phase was de­
canted and distilled, b.p. 64-68° (4 mm.) . The ketones 
had identical infrared and ultraviolet spectra. 
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extensively and its structure is well established. 
A pentachlorocyclopentadiene has been obtained 

in small yield as a by-product in the chlorination of 
cyclopentadiene with sodium hypochlorite,4'6 and 
in the reduction of hexachlorocyclopentadiene (I) 
with zinc and hydrochloric acid.4 The structures of 
these compounds are uncertain and a definite 
identification is not possible until additional ex­
perimental data are available. 

(4) R. Riemschneider, Z. Naturforsch., 6B, 433 (1951). 
(5) F. L. Straus, L. Kolleck and W. Heyn, Ber., 63, 1868 (1930). 
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The catalytic hydrogenation of hexachlorocyclopentadiene (I) proceeds stepwise to give 1,2,3,4,5-pentachlorocyclopenta-
diene (II) and 1,2,3,4-tetrachlorocycIopentadiene ( I I I ) . The reduction of hexachlorocyclopentadiene with lithium alumi­
num hydride at —40° gives I I , which is not reduced further by this reagent. The pentachloro compound II is also obtained 
from I by reduction with stannous chloride in acetone. Diels-Alder adducts have been prepared from II and suitable dieno-
philes. 


